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FIG. 1 



(54) Liquid discharging head, method of manufacturing the liquid discharging head, head 
cartridge carrying the liquid discharging head thereon and liquid discharging apparatus 

(57) A liquid discharging head has at least a dis- 
charge port (5) for discharging liquid therefrom, a liquid 
flow path (7) communicatng with the discharge port (5) 
to supply the liquid to the discharge port, a substrate (1) 
provided with a heating member (2) for creating a bub- 
ble in the liquid filling the liquid flow path (7), and a mov- 
able member (6) having a movable portion having its 
free end at the discharge port side and provided at a 
location facing the heating member (2) of the substrate 
with a gap with respect to the substrate, a supported 
and fixed portion supported on and fixed to the sub- 
strate, and a supporting portion provided near the sup- 
ported and fixed porton of the movable portion. The 
free end (6b) of the movable member is displaced 
toward the discharge port side about the fulcrum portion 
(6a) of the movable member (6) by pressure produced 
by the bubble being created to thereby discharge the liq- 
uid from the discharge port (5). The movable member 
(6) is formed of a silicon material and has a bent portion 
forming the gap, and the fulcrum portion (6a) has a 
curved surface shape. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a liquid discharging 
head for discharging desired liquid by the creation of 
babbles caused by making heat energy act on the liquid, 
a method of manufacturing the liquid discharging head, 
a head cartridge carrying the liquid discharging head 
thereon and a liquid discharging apparatus. The inven- 
tion particularly relates to a liquid discharging head hav- 
ing a movable member displaceable by the utilization of 
the creation of bubbles, a method of manufacturing the 
liquid discharging head, a head cartridge carrying the 
liquid discharging head thereon and a liquid discharging 
apparatus. 

[0002] The word "recording" in the present invention 
means not only imparting images having meanings 
such as characters and figures to a recording medium, 
but also inrparting images having no meaning such as 
patters to the recording medium. 

Related Background Art 

[0003] There is known an ink jet recording method, 
i.e.. a so-called bubble jet recording method of giving 
energy such as heat to ink to thereby create in the ink a 
state change resulting in a steep volume change (crea- 
tion of a bubble), discharging the ink from a discharge 
port by an acting force based on the state change, caus- 
ing the ink to adhere onto a recording medium and 
effecting image formation. A recording apparatus using 
this bubble jet recording method, as disclosed in Japa- 
nese Patent Publication No. 61-59911 and Japanese 
Patent Publication No. 61-59914, is generally provided 
with a discharge port for discharging ink therefrom, an 
ink flow path communicating with this discharge port, 
and a heating member (electro thermal converting 
memijer) as energy generating means disped in the ink 
flow path for discharging the ink. 
[0004] According to the recording method as 
described above, images of high dignity can be 
recorded at a high speed and with low noise and also, in 
a head for can-ying out this recording method, discharge 
ports for discharging the ink therefrom can be disposed 
highly densely, and this leads to many excellent points 
that recorded images of high resolution and further, 
color images can be easily obtained by a compact 
apparatus, etc. In recent years, this bubble jet recording 
method has been utilized in many office instruments 
such as printers, copying apparatuses and facsimile 
apparatuses, and has come to be utilized even in an 
industrial system such as a textile printing apparatus. 
[0005] So, some of the inventors have returned to the 
principle of lk)uid discharge and have energetically car- 
ried out researches to provide a novel liquid discharging 



method utilizing bubbles which could heretofore not be 
olrtained and a head or ttie like used therein, and filed 
Japanese Patent Laid-Open Application No. 9-201966. 
etc. 

5 [0006] A prior-art liquid discharging method disclosed 
in Japanese Patent Lald-Open Application No 9- 
201966, etc. and a head used ttierein will now be 
described with reference to Figs. 12A to 12D. etc. of the 
accompanying drawings. Rgs. 12A to 12D illustrate tfie 

10 principle of discharge in ttie prior-art liquid discharging 
head, and is a aoss-sectional view in the direction of a 
liquid flow path. Fig. 13 is a fragmentary broken-away 
perspective view of the liquid discharging head shown in 
Figs 12A to 12D. The liquid discharging head shown in 

IS Figs. 12A to 12D and Fig. 13 is of the most basic con- 
struction in which when liquid is to be discharged, tiie 
direction of propagation of pressure based on a bubble 
and the direction of growth of the bubble are controlled 
to tiiereby improve discharging force and discharging 

20 efficiency 

[0007] The words "upstream" and "downstream" used 
in the following description are represented as expres- 
sions with respect to the direction of flow of liquid going 
from a supply source of liquid toward discharge ports 

25 via above a bubble creating area (or a movable mem- 
ber), or with respect to the direction in this construction. 
[0008] The "downstream side" with respect to the bub- 
ble itself represents the discharge port side portion of 
tine bubble which is regarded as directiy acting on 

30 Chiefly tiie discharge of a liquid droplet. More specifi- 
cally, it means a bubble created at the downstream side 
with respect to the direction of flow or the direction in tiie 
construction, relative to tiie center of the bubble, or an 
area downstream of the center of the area of a heat 

35 generating member. 

[0009] Further, "comb-teeth" means a shape in which 
tiie fulcrum portion of the movable member is a com- 
mon portion and the front of the free end tiiereof Is 
opened. 

40 [001 0] In the example shown in Figs. 1 2 A to 1 2D, tiie 
liquid discharging head is such that as a discharge 
energy generating element for discharging tiie liquid, a 
heating member 102 for making heat energy act on the 
liquid (in the present example, a heat generating resist- 

45 ance member of a shape of 40 ^m x 105 ^m) is pro- 
vided on an element substi-ate 101 and liquid flow paths 
103 are disposed on the element substrate 101 corre- 
spondingly to the heating member 102. The liquid flow 
paths 103 communicate with discharge ports 104 and 

50 also communicate witii a common liquid chamber 105 
for supplying the liquid to the plurality of liquid flow paths 
103, and receive from this common liquid chamber 105 
an amount of liquid corresponding to the liquid dis- 
charged from ttie discharge ports 104. 

55 [0011] On tiie element substrate 101 for ttiese liquid 
flow paths 103, a plate-like movable member 106 
formed of a resilient material such as a metal and hav- 
ing a flat portion is provided in a cantilever fashion so as 
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to be opposed to the aforementioned heating member 
102. One end of this movable member 106 is fixed to a 
pedestal (support men*er) 107 or the like formed by 
patterning photosensitive resin or the like on the wall of 
the liquid flow paths 103 or the element substrate 101. 5 
Thereby, the nrovable member 106 Is held on the ped- 
estal 107, and a fulcrum (fulcrum portion) 108 is consti- 
tuted. 

10012] Also, by making the movable member 106 
comb-teeth-like, the movable member 1 06 can be made 10 
simply and inexpensively, and the alignment thereof 
with the pedestal 107 can be done easily. 
[001 3] This movable member 1 06 is disposed at a dis- 
tance of the order of 15 ^im from the heating member 
102 in such a manner as to cover the heating member is 
102 at a location facing the heating member 102 so as 
to have the fulcrum (fulcrum portion: fixed end) 108 
upstream of a great flow flowing from the common liquid 
chamber 105 to the discharge port 104 side via alcove 
the movable member 1 06 by the discharging movemerrt 20 
of the liquid, and have a free end (free end portion) 109 
downstream with respect to the fulcrum 108. The space 
between the heating member 102 and the movable 
member 106 provides a bubble creating area 110. 
[001 4] The heating member 1 02 is caused to generate 25 
heat to thereby make the heat act on the liquid in the 
bubble creating area 1 1 0 between the movable member 
106 and the heating member 102. thus causing the liq- 
uid to create a bubble 1 1 1 based on a film boiling phe- 
nomenon as described in U.S. Patent No. 4,723.129. 30 
etc. (see Fig. 12B). Pressure based on the creation of 
the bubble 1 1 1 and the bubt>ie 1 1 1 preferentially act on 
the movable member 106, which is thus displaced so as 
to be greatly opened toward the discharge port 104 side 
about the fulcrum 108. as shown In Figs. 12B and 12C 35 
or Fig. 1 3. By the displacement or displaced state of the 
movable member 106. the propagation of the pressure 
based on the creation of the bubble 1 1 1 or the growth of 
the bubble 1 1 1 itself is directed to the discharge port 
104 side. Also, at this time, the bubbling power of the 40 
bubble 1 1 1 becomes easy to direct to the discharge port 
4 side because the tip end portion of the free end 109 
has a width, and a fundamental innprovement In the dis- 
charging efficiency and discharging force or discharging 
speed of a liquid droplet can be achieved. 45 
[001 5] As described above, the technique disclosed in 
Japanese Patent LaidOpen Application No. 9-201966. 
etc. is the technique of positively controlling the bubble 
by making the positional relation between the fulcrum 
and the free end of the movable member In the liquid so 
path into a relation in which the free end is located at the 
discharge port side, i.e.. the downstream side, and dis- 
posing the movable member in face-to-face relationship 
with the heating member or the bubble aeating area. 
[0016] As described above, the pedestal is provided ss 
on the fixed portion of the movable member, whereby a 
gap of the order of 1 to 20 ^m Is formed between the 
movable mentser and the heating member, and the 



effect of improving the liquid discharging efficiency by 
the movable member is sufficiently derived. Thus, 
according to a liquid discharging head or the like based 
on the very novel principle of discharge as described 
above, the combined effect of the bubble aeated and 
the movable member displaced thereby can be 
obtained and the liquid near the discharge port can be 
efficiently discharged and therefore, the liquid discharg- 
ing efficiency is improved as compared with the dis- 
charging method and head of the prior-art bubble jet 
type. 

[001 7] While various materials are conceivable as the 
material of the movable member used in the above- 
described liquid discharging head, nickel which is excel- 
lent In resiliency is generally used in order to efficiently 
utilized the pressure by the creation of the bubble for the 
discharging of the liquid. 

[0018] However, the adoption of a construction in 
which a pedestal is provided on the fixed portion of the 
movable member In the liquid discharging head leads to 
the inconvenience that the step of forming the nrK3vab!e 
member becomes complicated. Also, when in such con- 
struction, an attempt is made to firmly effect the fixing of 
the movable member, it Is necessary to secure a certain 
degree of length of the pedestal portion In the direction 
of ink flow, but if the pedestal thus becomes lorrg, the 
pedestal will occupy a portion of the flow paths or the 
liquid chamber, and this has led to the fear that particu- 
larly when it is desired to make the head compact or the 
flow paths are arranged highly densely, the ink supply 
characteristic cannot be sufficiently displayed. 

SUMMARY OF THE INVENTION 

[0019] The present invention has been made In view 
of the above-noted problem and has as its object to pro- 
vide a liquid discharging head which can be improved in 
ink supply characteristic and reliability and can be sim- 
plified in the manufacturing process, a method of manu- 
facturing the liquid discharging head, a head cartridge 
carrying the liquid discharging head thereon and a liquid 
discharging apparatus. 

[0020] To achieve the above object, the liquid dis- 
charging head of the present Invention is a liquid dis- 
charging head having at least a discharge port for 
discharging liquid therefrom, a liquid flow path commu- 
nicating with the discharge port to supply the liquid to 
tiie discharge port, a substrate provided with a heating 
mennber for creating a bubble in the liquid filling the liq- 
uid flow path, and a movable member having a movaWe 
portion having its free end at the discharge port side 
and provided at a location facing the heating member of 
the substrate with a gap with respect to the substrate, a 
supported and fixed portion supported on and fixed to 
the substrate, artd a supporting portion provided near 
the supported and fixed portion of tiie movable portion, 
the free end of tiie movable member being displaced 
toward the discharge port side about the fulcrum portion 
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of the movable member by pressure produced by the 
bubble being created to thereby discharge the liquid 
from the discharge port, characterized in that the mova- 
ble member is formed of a silicon material and has a 
bent portion forming the gap, and the fulcrum portion 5 
has a curved surface shape. 
[0021] Thereby, it becomes unnecessary to use a 
pedestal as in the prior art and therefore, it becomes 
easy to secure the volume of the liquid chamber and the 
ink supply characteristic is improved. Also, the movable 10 
member is formed of a silicon material and the fulcrum 
portion of the movable member made into a curved sur- 
face shape, whereby the mechanical durability of the 
movable member is improved and further, the reliability 
of the liquid discharging head is improved. is 
[0022] Also, silicon is contained in the material of the 
movable member, whereby when the other portions of 
the liquid discharging head are formed of a semicon- 
ductive material such as silicon, it is possible to form the 
entire liquid discharging head by a semiconductor proc- 20 
ess and therefore, the manufacturing process for the liq- 
uid discharging head is simplified. 
[0023] Further, it is preferable that the material of the 
movable member be silicon nitride, silicon oxide or sili- 
con carbide. 2s 
[0024] Also, a construction in which a closely contact- 
ing layer is provided between the supported and fixed 
portion and the substrate of the nrwable member is 
adopted, whereby the joint strength between the sup- 
ported and fixed portion and the substrate of the mova- 30 
ble member is increased and the mechanical durability 
of the movable member is more improved. 
[0025] Further, it is preferable that tantalum be con- 
tained in the material of the closely contacting layer and 
further, it is preferable that the material of the closely 35 
contacting layer be tantalum pentoxide. 
[0026] The method of manufacturing the liquid dis- 
charging head of the present invention is a method of 
manufacturing a liquid discharging head provided with a 
discharge port for discharging liquid therefrom, a liquid 4o 
flow path communicating with the discharge port to sup- 
ply the liquid to the discharge port, a substrate provided 
with a heating member for aeating a bubble in the liquid 
filling the liquid flow path, and a movable member hav- 
ing a movable portion having its free end at the dis- 45 
charge port side and provided at a location facing the 
heating member of the substrate with a gap with respect 
to the substrate, a supported and fixed portion sup- 
ported on and fixed to the substrate, and a supporting 
portion provided near the supported and fixed portion of so 
the movable portion, the free end of the movable mem- 
ber being displaced toward the discharge port side 
about a fulcrum portion constructed near the supported 
and fixed portion of the movable member with respect to 
the substrate by pressure produced by the bubble being ss 
created, thereby discharging the liquid from the dis- 
charge port, characterized by the step of forming a gap 
forming member for forming the gap on the substrate, 



the step of forming on the substrate and the gap forming 
member a base material layer for the movable member 
formed of a silicon material forming the movable mem- 
ber, the step of patterning the base material layer for the 
movable member and forming the movable member, 
and the step of removing the gap forming member, and 
having the step of forming that portion of the gap form- 
ing member which forms the fulcrum portion of the mov- 
able member into a curved surface shape before the 
step of forming on the substrate and the gap forming 
member the base material layer for the movable mem- 
ber forming the movable member. 
[0027] Thereby, there Is manufactured a liquid dis- 
charging head in which when the movable member Is 
displaced toward the discharge port side about the ful- 
crum portion, a load applied to the fulcrum portion is 
dispersed, whereby the mechanical reliability of the 
movable member is improved. 
[0028] Also, it Is preferable that the step of forming that 
portion of the gap forming member which forms the ful- 
crum portion of the movable member into a cun^ed sur- 
face shape have the step of forming resist for patterning 
the gap forming member on the gap forming member, 
and the step of removing that portion of the gap forming 
member which is not covered with the resist by etching. 
[0029] Further, the closely contactng property 
between the gap forming member and the resist is 
made weaker than the closely contacting property 
between the gap forming member and the substrate, 
whereby the etching progressing speed on the joined 
surface of the gap forming member and the resist 
becomes higher than that on the joined surface of the 
gap forming member and the substrate and therefore, a 
concave curved surface-like slope is formed on the end 
portion of the gap forming member 
[0030] Furthermore, as the material of the resist, use 
is made of a material in which the selection ratio of the 
etching to the gap forming member is about 1:1, 
whereby the gap forming member is etched in the direc- 
tion of thickness thereof and at the same time, the resist 
and the gap forming member are side-etched and there- 
fore, the end portion of the gap forming member 
becomes a smooth curved surface-like shape. 
[0031] Also, a construction is adopted which has the 
step of removing a corner portion formed on the bound- 
ary between the surface of the gap forming member and 
that portion forming the fulcrum portion of the movable 
member after the step of forming that portion of the gap 
forming member which forms the fulcrum portion of the 
movable member into a curved surface shape, whereby 
the fulcrum portion of the movable ment)er becomes a 
smoother curved surface shape and therefore, the load 
applied to the fulcrum portion of the movable member is 
further dispersed and thus, the mechanical durability of 
the movable member is more improved. 
[0032] Further, it is preferable that the step of remov- 
ing a corner portion formed on the boundary between 
the surface of the gap forming member and the portion 
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forming the fulcrum portion of the nxjvatile member 
comprise the step of carrying out heat treatment for fus- 
ing the corner portion of the gap forming member. 
[0033] Further, as the material of the gap forming 
member, use may be made of highly heat-resisting s 
resist having a feature that when exposure and develop- 
ing process are candied out. a convex curved surface- 
like shape is formed on the end portion. 
[0034] Also, by making the material of the movable 
member contain silicon, when the other members of the io 
liquid discharging head are formed of a semiconductive 
material such as silicon, it is possible to form the entire 
liquid discharging head by the semiconductor process 
and therefore, the process of manufacturing the liquid 
discharging head is simplified. 75 
[0035] Further, it is preferable to use silicon nitride, sil- 
icon oxide or silicon carbide as the material of the mov- 
able member. 

[0036] Also, the step of forming a closely contacting 
layer on the substrate is provided before the step of 20 
forming the gap forming member for forming the gap on 
the substrate, whereby there is manufactured a liquid 
discharging head in which the strength of the connec- 
tion between the supported and fixed portion of the 
movable member and the substrate is increased and 2s 
the mechanical durability of the movable member is 
more improved. 

[0037] The head cartridge of the present invention has 
the above-described liquid discharging head of the 
present invention and a liquid container for holding the 3o 
liquid to be supplied to the liquid discharging head. 
[0038] The liquid discharging apparatus of the present 
invention has the above-described liquid discharging 
head of the present invention, and driving signal supply- 
ing means for supplying a driving signal for discharging ss 
the liquid from the liquid discharging head. 
[0039] Also, the liquid discharging apparatus of the 
present invention may be of a construction having the 
above-described liquid discharging head of the present 
invention, and recording medium conveying means for 40 
conveying a recording medium receiving the liquid dis- 
charged from the liquid discharging head. 
[0040] Further, it is preferable that the liquid discharg- 
ing apparatus of the present invention be designed to 
discharge ink from the liquid discharging head, and 45 
cause the ink to adhere to a recording medium to 
thereby effect recording. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

[0041] 

Fig. 1 is a cross-sectional view along the direction 
of a liquid flow path for illustrating the basic struc- 
ture of an embodiment of the liquid discharging ss 
head of the present invention. 
Figs. 2A and 2B are cross-sectional views of the liq- 
uid discharging head shown in Fig. 1 . 



Rg. 3 shows a voltage waveform applied to an elec- 
trical resistance layer shown in Figs. 2A and 28. 
Figs. 4A. 48. 4C. 4D, 4E. 4F, 4G and 4H are cross- 
sectionat views showing a method of manufacturing 
a movable member in the liquid discharging head 
shown in Fig. 1. etc. 

Rgs. 5A. 58, 5C, 5D, 5E, 5F, 5G, 5H and 51 are 
aoss-sectionai views showing a second embodi- 
ment of the method of manufacturing the movable 
member in the liquid discharging head shown in 
Rg. 1,etc. 

Rgs. 6A. 68, 6C, 6D and 6E are cross-sectional 
views showing a third embodiment of the method of 
manufacturing the movable member in the liquid 
discharging head shown in Fig. 1, etc. 
Rgs. 7A. 78. 7C, 7D and 7E are cross-sectional 
views showing a fourth embodiment of the method 
of manufacturing the movaNe member in the liquid 
discharging head shown in Fig. 1, etc. 
Rgs. 8A. 88, 8C, 8D, 8E and 8F are cross-sectional 
views showing a fifth embodiment of the method of 
manufacturing the movable member in the liquid 
discharging head shown in Fig. 1 , etc. 
Rg. 9 is a typical exploded perspective view of a liq- 
uid discharging head cartridge on which the liquid 
discharging head of the present invention is carried. 
Rg. 1 0 is a perspective view schematically showing 
the construction of a liquid discharging apparatus 
on which the liquid discharging head of the present 
irtvention is candied. 

Rg. 1 1 is a block diagram of an entire apparatus for 
operating an ink discharge recording apparatus to 
which the liquid discharging head of the present 
invention is applied. 

Figs. 12A. 128, 12C and 12D are views for illustrat- 
ing the principle of discharge in a liquid discharging 
head according to the prior art. 
Rg. 13 is a fragmentary broken-away perspective 
view of the liquid discharging head shown in Figs. 
12A to12D. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0042] Some embodiments of the present invention 
will hereinafter be described with reference to the draw- 
ings. 

[0043] Fig. 1 is a cross-sectional view along the direc- 
tion of a liquid flow path for illustrating the basic struc- 
ture of an embodiment of the liquid discharging head of 
the present invention. 

[0044] As shown in Fig. 1 , this liquid discharging head 
has an element substrate 1 on which a plurality of heat- 
ing members 2 (only one of which is shown in Fig. 1) for 
giving liquid heat energy for creating a bubble are pro- 
vided in parallel, a top plate 3 joined onto this element 
substrate 1 , and an orifice plate 4 joined to the front sur- 
faces of the element substrate 1 and the top plate 3. 
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[0045] The element substrate 1 comprises a base 
body of silicon or the like, silicon oxide film or silicon 
nitride film directed to insulation and heat accumulation 
and formed on the base body, and an electrical resist- 
ance layer and a wiring electrode constituting the heat- 
ing members 2 and patterned thereon. A voltage is 
applied from the wiring electrode to the electrical resist- 
ance layer and an electric current is supplied to the 
electrical resistance layer, whereby the heating mem- 
bers 2 generate heat. 

[0046] The top plate 3 is for constituting a plurality of 
liquid flow paths 7 con-esponding to the heating mem- 
bers 2 and a common liquid chamber 8 for supplying the 
liquid to the liquid flow paths 7, and is integrally provided 
with a flow path side wall 9 extending from the ceiling 
portion thereof to among the heating members 2. The 
top plate 3 is formed of a silicon material, and can be 
formed by forming the patterns of the liquid flow paths 7 
and the common liquid chamber 9 by etching, or piling a 
material such as silicon nitride or silicon oxide providing 
the flow path side wall on the silicon substrate by a con- 
ventional film forming method such as CVD, and there- 
after etching the portion of the liquid flow paths 7, 
[0047] The orifice plate 4 is formed with a plurality of 
discharge ports 5 communicating with the common liq- 
uid chamber 8 through the liquid flow paths 7. corre- 
spondingly to the respective liquid flow paths 7. The 
orifice plate 4 is also formed of a silicon n^teriat. and is 
formed, for example, by planing a silicon substrate 
formed with the discharge ports 5 to a thickness of the 
order of 10 to 150 ^m. The orifice plate 4 is not always 
a construction necessary to the present invention, but 
instead of providing the orifice plate 4. a wall corre- 
sponding to the thickness of the orifice plate 4 can be 
left on the tip end surface of the top plate 3 when the liq- 
uid flow paths 7 are formed in the top plate, and the dis- 
charge ports 5 can be formed in this portion to thereby 
provide a top plate with discharge ports. 
[0048] Further, this liquid discharging head is provided 
with a cant'lever-like movable member 6 disposed in 
face-to-face relationship with the heating members 2 
and directly f ixed to the element substrate 1 . This mov- 
able member 6 has a bent porton by which the movable 
portion of the movable member 6 has a predetermined 
gap with respect to the substrate. By the movable menrv 
ber 6 being made into such a shape, the fixing of the 
movable member 6 can be done firmly and no pedestal 
Is used to form the gap and therefore, the space hereto- 
fore occupied by the pedestal can also provide a portion 
of the liquid chamber and the volume of the liquid cham- 
ber can be secured easily Also, when the movable 
member 6 Is of the above-described construction, the 
strength of the movable member 6 is more required than 
in the prior-art construction and therefore, in the present 
invention, the movable member 6 is constituted by thin 
film formed of a silicon material such as silicon nitride or 
silicon oxide. These materials are more excellent In 
strength than nickel used as the material of the prior-art 



movable member 6 and also Is excellent In Its closely 
contacting property with an Inorganic insulating protec- 
tive layer provided on the surface of the substrate and 
can therefore display stable performance In the above- 

5 described construction. Also, when a cavitation-reslst- 
ing layer of a material such as Ta is provided on the sur- 
face of the substrate 1. the cavltation-resisting layer on 
that portion of the substrate 1 which Is joined with the 
movable member is rennoved or a closely contacting 

10 layer is provided between the supported and fixed por- 
tion of the movable member 6 and the substrate, 
whereby the closely contacting property between the 
movable member 6 and the substrate can be improved. 
Further, the above-mentioned materials are also good 

IS in corrosion resistance to liquid of high hydrogen ion 
exponent (pH). 

[0049] Also, this movable member 6 Is supported on 
and fixed to the element substrate 1 upstream of a great 
flow flowing from the common liquid chamber 8 to the 

20 discharge port 5 side via above the movable member 6 
by the discharging movement of the liquid, and has a 
fulcrum 6a constructed near the bent portion of the 
movable portion. Further. It is disposed at a predeter- 
mined distance from the heating members 2 In such a 

25 state as to cover at least a portion of the heating mem- 
bers 2 at a location facing the heating members 2 so as 
to have a free end 6b downstream of the fulcrum 6a. 
Since the movable member 6 of the present Invention 
has a bent portion, a load applied to the fulcrum portion 

30 thereof is greater than in the prior-art shape and there- 
fore, it adopts a construction in which it has a curved 
surface portion In the fulcrum 6a portion with a view to 
more improve the durability of the movable member. 
Also, the space between the heating members 2 and 

35 the movable member 6 provides a bubble creating area 
10. The gap between the substrate and the movable 
member is preferably 1 to 20 \irr\, and more preferably 1 
to 10 ^m. By doing so, the energy of a bubble can be 
more efficiently controlled by the movable member and 

40 also, the stability of the operation of the movat>le mem- 
ber can be Improved. Also, by the thickness of the mov- 
able member being controlled to the order of 5 ^m, the 
operation following property of the movable member 
can be increased. 

45 [0050] When the heating members 2 are caused to 
generate heat on the basis of the above-described con- 
struction, the heat acts on the liquid in the bubble creat- 
ing area 10 between the movable member 6 and the 
heating members 2. whereby a bubble based on the film 

50 boiling phenomenon is created on the heating members 
2 and grows. Pressure resulting from the growth of this 
bubble preferentially acts on the movable member 6, 
and the free end 6b of the movable member 6, as indi- 
cated by broken lines In Fig. 1. Is displaced so as to 

55 greatly open about the fulcrum 6a toward the discharge 
port 5 side (the gap provided between the rTK)vable 
member in its steady state and that surface of the flow 
path which faces the substrate). By the displacement or 
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the displaced state of the movable member 6, the prop- 
agation of the pressure based on the creation of the 
bubble and the growth of the bubble itself are directed to 
the discharge port 5 side, and the liquid is discharged 
from the discharge port 5. 5 
[0051] That is, the movable member 6 having the ful- 
crum 6a at the upstream side (the common liquid cham- 
ber 8 side) of the flow of the liquid in the liquid flow paths 
7 and having the free end 6b at the downstream side 
(the discharge port 5 side) is provided on the bubble io 
creating area 10, whereby the direction of propagation 
of the pressure of the bubble is directed toward the 
downstream side and thus, the pressure of the bubble 
directly and efficiently contributes to discharge. The 
direction itself of growth of the bubble, like the direction is 
of propagation of the pressure. Is directed to the down- 
stream direction, and the bubble grows more greatly at 
the downstream side than at the upstream side. As 
desaibed above, the direction itself of grow of the bub- 
ble is controlled by the movable member and the direc- 20 
tion of propagation of the pressure of the bubble is 
controlled, whereby fundamental discharging character- 
istics such as the discharging efficiency and the dis- 
charging force or the discharging speed can be 
improved. 25 
[0052] On the other hand, when the bubble comes into 
the disappearing step, the bubble rapidly disappears 
due to the combined effect with the resilient force of the 
movable member 6. and the movable member 6 finally 
returns to its initial position indicated by solid lines in 30 
Fig. 1 . At this time, the liquid flows in from the upstream 
side, i.e., the common liquid chamber 8 side to make up 
for the contracted volume of the bubble in the bubble 
creating area 10 and to make up for the volume of the 
discharged liquid, and the refill of the liquid into the liq- 35 
uid flow paths 7 is effected, and this refill of the liquid is 
effected efficiently and reasonably and stably with the 
returning action of the movable memt)er 6. 
[0053] As described above, the movable member 6 in 
the present embodiment has a curved surface portion 40 
on the portion of the fulcrum 6a of the movable member 
6 and therefore, the load applied to the fulcrum 6a when 
the movable member 6 has opened as indicated by bro- 
ken lines in Rg. 1 is dispersed. Therefore, the mechan- 
ical durability of the movable member 6 is increased and 45 
further, the reliability of the liquid discharging head is 
improved. 

[0054] The detailed construction of the element sub- 
strate in the liquid discharging head shown in Fig. 1 will 
now be described with reference to Figs. 2A and 2B. so 
[0055] Figs. 2A and 2B are cross-sectional views of 
the liquid discharging head shown in Fig. 1. Fig. 2A 
showing the liquid discharging head having protective 
film which will be described later, and Fig. 2B showing 
the liquid discharging head having no protective film. ss 
[0056] As shown In Figs. 2A and 28. the movable 
member 6 is provided on the element substrate 1, and 
the liquid flow path 7 is formed between the top plate 3 




996 A2 12 

and the movable member 6. 
[0057] The element substrate 1 comprises a base 
body 11 formed of silicon or the like, silicon film 12 
formed thereon and comprising silicon oxide or silicon 
nitride for the purpose of insulation and heat accumula- 
tion, and an electrical resistance layer 13 formed of hal- 
nium boride (HfB2). tantalum nitride (TaN). tantalum 
aluminum (TaAl) or the like constituting a heating mem- 
ber having a thickness of 0.01 to 0.2 nm and Q wiring 
electrodes 14 formed of aluminum or the like having a 
thickness of 0.2 to 1 .0 jim, both being patterned on the 
silicon film 12. The heating member 2 is caused to gen- 
erate heat by a voltage being applied from the wiring 
electrodes 14 to the electrical resistance layer 13 to 
thereby supply an electric cun^ent to the electrical resist- 
ance layer 13. An inorganic insulating protective layer 
15 formed of silicon oxide or silicon nitride is formed to 
a thickness of 0.1 to 0.2 nm on the electrical resistance 
layer 13 (i.e.. the heating member 2) between the wiring 
electrodes 14. and further a cavitation-resisting layer 16 
formed of tantalum or the like having a thickness of 0-1 
to 0.6 urn is formed thereon and protects the electrical 
resistance layer 13 from various kinds of liquids includ- 
ing ink. 

[0058] Particularly, the pressure and shock wave pro- 
duced during the creation and disappearance of the 
bubble are very strong and remarkably reduce the dura- 
bility of hard and fragile oxide film and therefore, tanta- 
lum (Ta) or the like which is a metallic material is used 
as the material of the cavitation-resisting layer 16. 
[0059] Also, depending on the combination of the liq- 
uid, the construction of the liquid flow paths and the 
resistance material, there may be adopted a construc- 
tion which does not require the above-described protec- 
tive layer 15, and an example thereof is shown in Fig. 
2B. 

[0060] As the material of the resistance layer which 
does not require such a protective layer, mention may 
be made of iridium = tantalum = aluminum alloy or the 
like. Particularly, when the liquid in the bubble aeating 
area 10 used for bubbling is separated from the liquid 
discharged from the liquid flow paths 7 and made suita- 
ble for bubbling, there is no hindrance even if the protec- 
tive layer is absent as described above. 
[0061] Thus, as the construction of the heating mem- 
ber 2 in the above-described embodiment, the electrical 
resistance layer 13 (heating portion) between the wiring 
electrodes 14 may suffice or the protective layer for pro- 
tecting the electrical resistance layer 13 may be 
included. 

[0062] In the present embodiment, as the heating 
member 2. use is made of one having a heating portion 
constituted by a resistance layer generating heat in con- 
formity with an electrical signal, whereas the present 
invention is not restricted thereto, but the heating mem- 
ber can be one which will create a bubble sufficient to 
discharge the discharge liquid in the bubbling liquid in 
the bubble creating area. For example, the heating por- 
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tion may be an opto thermal converting member gener- 
ating heat by receiving light such as a laser or a heating 
member having a heating portion generating heat by 
receiving a high frequency. 

[0063] In the aforedescribed element substrate 1, s 
besides the electro thermal converting members com- 
prised of the electrical resistance layer 13 constituting 
the heating portion and the wiring electrodes 14 for sup- 
plying an electrical signal to the electrical resistance 
layer 13, a functional element such as a transistor, a io 
diode, a tatch or a shift register for selectively driving 
these electro thermal converting members may be inte- 
grally made by a semiconductor manufacturing process. 
[0064] Also, to drive the heating portions of the elec- 
tro-thermal converting members provided on the ele- is 
ment substrate as described above and discharge the 
liquid, a rectangular pulse can be applied to the electri- 
cal resistance layer 13 through the wiring electrodes 14 
to thereby steeply cause the electrical resistance layer 
1 3 between the wiring electrodes 1 4 to generate heat. 20 
[0065] Fig. 3 shows a voltage waveform applied to the 
electrical resistance layer shown in Figs. 2A and 2B. 
[0066] In the liquid discharging apparatus in the 
above-described embodiment, a voltage of 24V, a pulse 
width of 7 sec., a current of 150 mA and an electrical 25 
signal of 6 kHz were applied to thereby drive the heating 
members, and by the operation as previously described, 
ink which was liquid was discharged from the discharge 
ports. However, the conditions of the driving signal in 
the present invention is not restricted thereto, but the 30 
driving signal can be one which can cause the liquid to 
bubble properly. 

[0067] A method of manufacturing the movable mem- 
ber which is the feature of the liquid discharging head of 
the present embodiment will now be described in detail 35 
with reference to Figs. 4A to 4H. Figs. 4 A to 4H are 
cross-sectional views illustrating the method of manu- 
facturing the movable member in the liquid discharging 
head shown in Rg. 1 , etc. 

[0068] First, as shown in Fig. 4A. BPSG (boron-doped 40 
phospho-silicate glass) film 1 7 is formed on the element 
substrate 1 by the CVD method or the like. This BPSG 
film 1 7 functions as a gap forming member for forming a 
gap between the movable member and the element 
substrate, and the film thickness thereof finally corre- 45 
spends to the gap between the movable member 6 and 
the heating member. Accordingly, the film thickness of 
the BPSG film 1 7 is selected to a value between 1 to 20 
^m at which the liquid discharging effect by the movable 
member becomes nrwst remarkable in the balance of so 
the entire liquid flow paths. 

[0069] Next, resist 1 8 for patterning the BPSG film 1 7 
is applied as by spin coating (see Fig. 4B), and is 
exposed and developed (see Fig. 4C). Thereby, the reg- 
is! 1 8 on a portion corresponding to the fulcrum portion 55 
of the movable member is removed. However, during 
the application of the resist 18. the closely contacting 
property between the BPSG film 1 7 and the resist 18 is 
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intentionally made weaker than the closely contacting 
property between the element substrate 1 and the 
BPSG film 17. 

[0070] The BPSG film 17 on the portion which is not 
covered with tiie resist 18 is removed by effecting wet 
etching by buffered hydrofluoric acid or dry etching or 
the like. At tiiis time, the closely contacting property 
between the BPSG film 17 and the resist 18 is weak- 
ened and ttierefore. on the end portion of the BPSG film 
17. the etching progressing speed on tiie joined surface 
between the BPSG film 17 and the resist 18 becomes 
higher than that on the joined surface between the 
BPSG film 17 and tiie element substrate 1 and thus, 
side etching progresses and as the result, the BPSG 
film 17 assumes a shape having a concave curved 
slope on the end portion thereof as shown in Fig. 4D. 
[0071] Next, the remaining resist 18 is removed by 
plasma ashing by oxygen plasma or by being immersed 
in a resist removing agent (see Fig. 4E). SiNfilm (silicon 
nitride film) 19 which Is a base material portion for the 
movable member forming the movable member is 
formed on the BPSG film 17 as by the plasma CVD 
method (see Rg. 4F) and is patterned (see Rg. 4Q). 
[0072] When finally, the wet etching by buffered 
hydrofluoric acid is effected to tiiereby remove all the 
BPSG film 17 remaining under the Sin film 19. the mov- 
able member 6 having a curved surface portion outside 
tiie fulcrum portion can be formed as shown in Rg. 4H. 
[0073] While in the present embodiment, description 
has been made of a case where the material of the mov- 
able member is silicon nitride, the movable member can 
equally be formed by using silicon carbide or silicon 
oxide with the material gas for film formation changed. 
As described above, the movable member 6 is formed 
of a silicon material, whereby when ttie ottier members 
of the liquid discharging head are formed of a semicon- 
ductive material such as silicon, it becomes possible to 
form the entire liquid discharging head by a semicon- 
ductor process and therefore, tiie manufacturing proc- 
ess for the liquid discharging head can be greatiy 
simplified. Further, when the movable member is to be 
formed by plating, an underlying layer (an electrically 
conductive layer) is necessary and therefore it has been 
difficult to form tiie movable member thinly by a single 
layer, but it can be easily formed according to the 
present embodiment. 

(Second Embodiment of the Mettiod of Manufacturing 
tiie Movable Member of tiie Liquid Discharging Head) 

[0074] As shown in Fig, 4E. ttie shape of the edge por- 
tion of the BPSG film 17 which was subjected to side 
etching is like a quadratic curve, and a smooth curve Is 
obtained in tiiat portion of the movable member 6 which 
is fixed to the element substrate 1 , but a corner remains 
at the fulcrum side. Thus, the finished movable member 
still has a corner portion in tfie fulcrum portion thereof 
and therefore. It can be further improved for tiie purpose 
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of improving the mechanical durability of the movable 
member. 

[0075] So, the method of manufacturing the nrK)vable 
member of the liquid discharging head in the present 
embodiment is directed to form also the inside of the f ul- s 
crum portion of the movable member into a smooth 
curved surface. 

[0076] Figs. 5A to 51 are cross-sectional views show- 
ing a second embodiment of the method of manufactur- 
ing the movable member of the liquid discharging head io 
shown In Fig. 1 , etc. The manufacturing process for the 
movable member shown in Figs. 5A to 5E is similar to 
the manufacturing process described with reference to 
Figs. 4A to 4E and therefore need not be described In 
detail. w 
[0077] In the present embodiment, heat treatment is 
applied to the BPSG film 17 in the state shown in Fig. 
5E to thereby smooth the corner portion formed on the 
boundary between the surface of the BPSG film 17 and 
the curved surface-like slope thereof (see Fig. 5F). Sub- 20 
sequently, SiN film (silicon nitride film) 19 providing the 
movable member is formed on the BPSG film 17 (see 
Fig. 5G) and the patterning thereof is done (see Fig. 
5H). Finally, when the BPSG film 17 is removed, the 
movable member 6 having smooth curved surface por- 25 
tions on the fixed portion to the element substrate 1 and 
the fulcrum 6a portion as shown in Fig. 51 can be 
formed. 

[0078] According to the above-described manufactur- 
ing method, the fulcrum 6a of the movable member 6 30 
becomes a smoother curved surface and therefore, the 
load applied to the fulcrum 6a of the movable member 6 
is further dispersed and thus, the mechanical durability 
of the movable member 6 is more improved. 
[0079] While In the present embodiment. BPSG is 35 
used as the gap forming member of the movable mem- 
ber, a material easy to deform at a low temperature 
such as water glass may be used instead of BPSG to 
effect heat treatment for smoothing the aforementioned 
corner portion. Alternatively, instead of heat-treating 40 
BPSG, dry or wet soft etching can be effected to thereby 
smooth the corner portion. 

[0080] When the soft etching is effected, a material of 
which the selection ratio (etching rate) with respect to 
BPSG is about 1 :1 is used as the material of tiie resist 45 
18. and the thickness of the resist 18 is made substan- 
tially equal to the film thickness of tiie BPSG film 17. 
Thereby, the BPSG film 17 is etched in the direction of 
film thickness tiiereof and at tiie same time, the resist 
1 8 and the BPSG film 1 7 are side-etched and tiieref ore, so 
the end portion of tiie BPSG film 1 7 becomes a smooth 
curved surface. 

(Third Embodiment of the Method of Manufacturing the 
Movable Member of the Liquid Discharging Head) ss 

[0081 ] Figs. 6 A to 6E are cross-sectional views show- 
ing a third embodiment of the method of manufacturing 



the movable member of the liquid discharging head 
shown in Rg. 1. etc. 

[0082] In the present embodiment, highly heat-resist- 
ing resist 20 is first applied onto the element substrate 1 
by spin coating or tiie like (see Fig. 6A). Next, the highly 
heat-resisting resist 20 is exposed and developed to 
thereby remove the highly heat-resisting resist 20 on a 
portion corresponding to tiie fixed portion of tiie mova- 
ble member. As ttie feature when this highly heat-resist- 
ing resist 20 is exposed and developed, the shape of the 
end portion of the highly heat-resisting resist 20 
becomes a smooth shape having a convex cun^ed slope 
as shown in Fig. 6B. Accordingly, when SiN film (silicon 
nitride film) 1 9 providing the movable member is formed 
on tiie element substi^te 1 and the highly heat-resisting 
resist 20 by a method such as low temperature film for- 
mation by CVD (see Fig. 6C) and is patterned (see Fig. 
6D) and thereafter the highly heat-resisting resist 20 Is 
removed by wet treatnent. there can be formed a mov- 
able member 6 having a snfK>oth curved surface portion 
formed on the fulcrum 6a portion as shown in Fig. 6E. 
[0083] tt is necessary tiiat tiie highly heat-resisting 
resist 20 be not deformed and deteriorated when tiie , 
SiN film 19 is formed. For example, the highly heat- 
resisting resist 20 need have heat resistance of tiie 
order of 400**C when the film formation of the SiN film 1 9 
is effected at ttie order of SSO'^C. In this case, it Is pref- 
erable to use. for example, a polyimide material as the 
material of the highly heat-resisting resist 20. 

(Fourth Embodiment of tiie Metfiod of Manufacturing 
tiie Movable Member of tiie Liquid Discharging Head) 

[0084] Figs. 7A to 7E are cross-sectional views show- 
ing a fourtii embodiment of the method of manufactur- 
ing tiie movable member of the liquid discharging head 
shown in Rg. 1, etc. 

[0085] This embodiment is characterized in tiiat the 
gap forming member between the element substrate 
and the movable member is formed by plating. 
[0086] First, an electrode 21 for forming tiie gap form- 
ing member by plating is film-formed on the element 
substrate 1 and is patterned (see Fig. 7A). Next, a metal 
such as nickel is grown around the electrode 21 to 
thereby form plating 22. In the case of the plating 22, the 
direction of film growtti is isotropic and tiierefbre, as 
shown in Fig. 7B, the plating 22 on tiie end portion of tiie 
electrode 21 assumes a smooth shape having a curved 
surface portion. 

[0087] Subsequentiy, SiN film (silicon nitride film) 19 
providing the movable member is formed on tiie plating 
22 and the element substrate 1 (see Fig. 7C) and is pat- 
terned (see Fig. 7D). When lastly, ttie plating 22 and tiie 
electi-ode 21 are removed by wet t-eatment, tiiere can 
be formed a movable member 6 having a curved sur- 
face portion on the fulcrum 6a portion, as shown in Rg. 
7E. 
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(Fifth EmbcxJiment of the Method of Manufacturing the 
Movable Member of the Uquid Discharging Head) 

[0088] Figs. 8A to 8F are cross-sectional views show- 
ing a fifth embodiment d the method of manufacturing 
the movable member of the liquid discharging head 
shown in Fig. 1 , etc. 

[0089] This en^Dodiment is characterized in that a 
closely contacting layer 23 is provided on that portion of 
the element substrate to which the movable member is 
fixed. 

[0090] First, the closely contacting layer 23 having the 
effect of alleviating the stress of the SiN film constituting 
the movable member and enhancing the closely con- 
tacting property and formed of tantalum perrtixide 
(Ta205) or the like is patterned on that portion of the ele- 
ment substrate 1 to which the movable member 6 is 
fixed (see Fig. 8A). Thereafter, highly heat-resisting 
resist 20 which is a gap forming member is film-formed 
on the element substrate 1 and the closely contacting 
layer 23. and is patterned (see Fig. 86). Next, the highly 
heat-resisting resist 20 is exposed and developed to 
thereby remove the highly heat-resisting resist 20 on a 
portion corresponding to the fixed portion of the mova- 
ble member (see Fig. 8C). 

[0091] When subsequently, SiN film (silicon nitride 
film) 1 9 providing the movable member is formed on the 
pedestal 23 and the highly heat-resisting resist 20 by a 
method such as low temperature film formation by CVD 
(see Fig. 8D) and is patterned (see Fig. 8E), and there- 
after the highly heat-resisting resist 20 Is removed by 
wet treatment, a movable member 6 having a smooth 
curved surface portion formed on the fulaum 6a portion 
can be formed on the closely contacting layer 23, as 
shown In Fig. 8F. 

[0092] As described above, the pedestal 23 is pro- 
vided on that portion of the element substrate 1 to which 
the movable member 6 is fixed, whereby the strength of 
the connection between the supported and fixed portion 
of the movable member 6 and the element substrate 1 
is increased and the mechanical durability of the mova- 
ble mender 6 is more improved. It is apparent that a 
similar effect can be obtained by adding the closely con- 
tacting layer 23 described in the present embodiment to 
the first, second, third and fourth embodiments as well. 
[0093] A liquid discharging head cartridge carrying the 
above-described liquid dischiarging head thereon will 
now be schematically described. 
[0094] Fig. 9 is a typical exploded perspective view of 
the liquid discharging head cartridge candying the afore- 
descrlbed liquid discharging head thereon. As shown in 
Fig. 9, the liquid discharging head cartridge is com- 
prised of chiefly a liquid discharging head portion 30 
and a liquid container 31 . 

[0095] The liquid discharging head portion 30 com- 
prises the element substrate 1 provided with the mova- 
ble member 6 (see Fig. 1, etc.), a grooved member 32 
having the top plate 3 and the orifice plate 4 (see Fig. 1 . 



etc.), a pressure bar spring 33, a liquid supply member 

34, a support member (aluminum base plate) 35. etc. 
On the element substrate 1, as previously described, a 
plurality of heating members 2 (see Fig. 1, etc.) for giv- 

5 ing heat to the bubbling liquid are provided in a row, and 
a plurality of functional elements (not shown) for selec- 
tively driving these heating members 2 are provided. 
The bubble creating area 10 (see Fig. 1, etc.) is formed 
between the element substrate 1 and the movable 

w member 6. as previously descrit)ed. The liquid flow 
paths 7 and the common liquid chamber 8 (see Fig. 1 
through which the discharged liquid flows) are formed 
by the joint of the element substrate 1 and the grooved 
member 32. 

IS [0096] The pressure bar spring 33 is a member for 
causing a biasing force toward the element substrate 1 
to act on the grooved member 32. and by this biasing 
force, the element substrate 1 , the grooved member 32 
and a support member 35 which will be described later 

20 are made well integral with one another. 

[0097] The support member 35 is for supporting the 
element substrate 1 , etc.. and on this support member 

35, there are disposed a printed wiring substrate 36 
connected to the element substrate 1 for supplying an 

25 electrical signal thereto, and a contact pad 37 con- 
nected to the apparatus side to thereby effect the 
exchange of electrical signals with the apparatus side. 
[0098] The liquid container 31 contains therein dis- 
charge liquid such as Ink to be supplied to the liquid dis- 

30 Charging head portion 30. Outside the liquid corrtainer 
31, there are provided a positioning portion 38 for dis- 
posing a connecting member for effecting the connec- 
tion between the liquid discharging head porton 30 and 
the liquid container 3 1 , and a fixing shaft 39 for fixing the 

35 connecting member. The discharge liquid is supplied 
from the discharge liquid supply path 40 of the liquid 
container 31 to the common liquid chamber 8 (see Fig. 
1) through the supply path 42 of the liquid supply mem- 
ber 34 and through the supply paths 41, 43 and 44 of 

40 the respective members. 

[0099] This liquid container 31 may be refilled with liq- 
uid after the consumption of the liquid and used. For this 
purpose, it is desirable that the liquid container 31 be 
formed with a liquid inlet. Also, the liquid discharging 

45 head portion 30 and the liquid container 31 may be inte- 
gral with or separable from each other. 
[0100] A liquid discharging apparatus carrying the 
above-described liquid discharging head thereon wilt 
now be schematically described with reference to Rg. 

50 10. Fig. 10 is a perspective view schematically showing 
the construction of the liquid discharging apparatus car- 
rying the aforedescribed liquid discharging head ther- 
eon. 

[01 01 ] In the present embodiment, description will be 
55 made by the use of particularly an ink jet recording 
apparatus URA using ink as discharge liquid. The car- 
riage H/0 of the liquid discharging apparatus candies 
tiiereon a head cartridge on which tiie liquid container 
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31 containing the ink therein and the liquid discharging 
head portion 30 are renwably mountaWe. and is recip- 
rocally movable widthwisely of a recording medium 50 
(the directions of arrows a and b) such as recording 
paper conveyed by recording medium conveying 5 
means. 

[0102] In the liquid discharging apparatus of the 
present embodiment, when a driving signal is supplied 
from driving signal supplying means, not shown, to liq- 
uid discharging means on the can-iage HC, recording 70 
liquid is discharged from the liquid discharging head 
portion 30 to the recording medium 50 in conformity 
with this signal. 

[0103] Also, the liquid discharging apparatus of the 
present embodiment has a motor 51 as a drive source is 
for driving the recording medium conveying means and 
the carriage HC, gears 52 and 53 for transmitting the 
driving force from the drive source to the carriage HC, 
and a carriage shaft 54. By this recording apparatus and 
the liquid discharge effected by this recording appara- 20 
tus. good records of images can be obtained on various 
kinds of recording mediums. 
[0104] Fig. 1 1 is a block diagram of an entire appara- 
tus for operating the ink discharge recording apparatus 
to which the aforedesaibed liquid discharging head is 2S 
applied. 

[0105] The recording apparatus receives printing 
information as a control signal from a host computer 60. 
The printing information is temporarily preserved in an 
input/output interface 61 in the recording apparatus and 30 
at the same time, is converted into data capable of 
being processed in the recording apparatus, and is 
inputted to a CPU 62 serving also as head driving signal 
supplying means. The CPU 62 processes the data 
inputted to the CPU 62 by the use of a surrounding unit 35 
such as a RAM 64 on the basis of a control program 
preserved in a ROM 63, and converted it into data to be 
printed (image data). 

[01 06] Also, the CPU 62 makes driving data for driving 
the drive motor 51 for moving the recording medium 50 40 
and the can-iage HC (see Fig. 10) in synchronism with 
the image data to record the image data at a suitable 
position on the recording medium. The image data and 
motor driving data are transmitted to the can^iage HC 
and the drive motor 51, respectively, through a head 45 
driver 66 and a motor driver 65, and the carriage HC 
and the drive motor 51 are driven at controlled timing to 
thereby form an image. 

[0107] The recording mediums which can be applied 
to the recording apparatus as described above and to so 
which liquid such as Ink is imparted include various 
kinds of paper, OHP sheets, plastic materials used for 
compact discs and decoration plates, fabrics, metallic 
materials such as aluminum and copper, leather materi- 
als such as oxhide, pigskin and artificial leather, wood ss 
suth as trees and phywood. bamboo material, ceramic 
materials such as tiles, three-dimensional structures 
such as sponges, etc. 



[0108] Also, the above-described recording appara- 
tuses incline a printer apparatus for effecting recording 
on various kinds of paper and OHP sheets, a recording 
apparatus for plastics for effecting recording on plastic 
materials such as compact discs, a recording apparatus 
for metals for effecting recording on metal plates, a 
recording apparatus for leather for effecting recording 
on leather, a recording apparatus for wood for effecting 
recording on wood, a recording apparatus for ceramics 
for effecting recording on ceramic materials, a recording 
apparatis for effecting recording on three-dimensional 
net-like structures such as sponges, a textile printing 
apparatus for effecting recording on fabrics, etc. 
[0109] Also, it is preferable that the discharge liquid 
used in these liquid discharging apparatuses be liquid 
matching with respective recording mediums and 
recording conditions. 

[0110] A liquid discharging head has at least a dis- 
charge port for discharging liquid therefrom, a liquid flow 
path communicating with the discharge port to simply 
the liquid to the discharge port, a substrate provided 
with a heating member for creating a bubble in the liquid 
filling the liquid flow path, and a movable member hav- 
ing a movable portion having its free end at the dis- 
charge port side and provided at a location facing the 
heating member of the substrate with a gap with respect 
to the substrate, a supported and fixed portion sup- 
ported on and fixed to the substrate, and a supporting 
portion provided near the supported and fixed portion of 
the movable portion. The free end of the movable mem- 
ber is displaced toward the discharge port side about 
the fulcrum portion of the movable member by pressure 
produced by the bubble being created to thereby dis- 
charge the liquid from the discharge port. The movable 
member is formed of a silicon material and has a bent 
portion forming the gap, and the fulcrum portion has a 
curved surface shape. 

Clainis 

1 . A liquid discharging head having: 

at least a discharge port for discharging liquid 
therefrom; 

a liquid flow path communicating with said dis- 
charge port to supply said liquid to said dis- 
charge port; 

a substrate provided with a heating member for 
creating a bubble in said liquid filling said liquid 
flow path; and 

a movable mennber having a movable portion 
having its free end at said discharge port side 
and provided at a location facing said heating 
member of said substrate with a gap with 
respect to said substrate, a supported and 
fixed portion supported on and fixed to sakj 
sut)strate, and a supporting portion provided 
near said supported and fixed portion of said 
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movable portion; 

the free end of said movable member being 
displaced toward said discharge port side 
about the fulcrum portion of said movable 
member by pressure produced by said bubble s 
being created to thereby discharge said liquid 
from said discharge port, characterized in that 
said movable member is formed of a silicon 
material and has a bent portion forming said 
gap, and said f utaum portion has a curved sur- io 
face shape. 

2. A liquid discharging head according to Claim 1. 
wherein the material of said movable member is sil- 
icon nitride, silicon oxide or silicon carbide. 75 

3. A liquid discharging head according to Claim 1, 
wherein said movable member has a curved sur- 
face shape inside the fulcrum portion. 

20 

4. A liquid discharging head according to Claim 1. 
wherein said movable member has a curved sur- 
face shape outside the fulcrum portion. 

5. A liquid discharging head according to Claim 1, 2S 
wherein said substrate has an inorganic insulating 
protective layer on said heating member. 

6. A liquid discharging head according to Claim 1, 
wherein a cavitation-resisting layer is provided on 3o 
the surface of said substrate. 

7. A liquid discharging head according to Claim 6, 
wherein a closely contacting layer is provided 
between the supported and fixed portion of said 35 
nK)vable member and said substrate. 

8. A liquid discharging head according to Claim 7, 
wherein tantalum Is contained in the material of 
said closely contacting layer. 4o 



9. A liquid discharging head according to Claim 8, 
wherein the material of said pedestal portion is tan- 
talum pentoxide. 

10. A liquid discharging head according to Claim 1, 
wherein said movable member has a gap with 
respect also to that surface of the flow path which 
faces the substrate in the steady state thereof 

11. A liquid discharging head according to Claim 1, 
wherein the gap between said substrate and said 
nnovable member is 1 to 20 ^m. 



45 



so 



12. A liquid discharging head according to Claim 1, ss 
wherein the gap between said substrate and said 
movable member Is 1 to 10 ^m. 



13. A liquid discharging head according to Qaim 1, 
wherein the thickness of said movable member is 1 
to 5 ^m. 

14. A method of manufacturing a liquid discharging 
head provided with: 

a discharge port for discharging liquid there- 
from; 

a liquid flow path communicating with said dis- 
charge port to supply said liquid to said dis- 
charge port; 

a substrate provided with a heatng member for 
creating a bubble in said liquid filling said liquid 
flow path; and 

a movable mender having a movable portion 
having its free end at said discharge port side 
and provided at a location facing said heating 
member of said substrate with a gap with 
respect to said substrate, a supported and 
fixed portion supported on and fixed to said 
substrate, and a supporting portion provided 
near said supported and fixed portion of said 
movable portion; 

the free end of said movable member being 
displaced toward said discharge port side 
about a fulcrum portion constructed near the 
supported and fixed portion of said movable 
member with respect to said substrate by pres- 
sure produced by said bubble being aeated. 
thereby discharging said liquid from said dis- 
charge port; 
characterized by: 

the step of forming a gap forming member for 
forming said gap on said substrate; 
the step of forming on said substrate and said 
gap forming member a base material layer for 
the movable member formed of a silicon mate- 
rial forming said movable member; 
the step of patterning said base material layer 
for the movable member and forming said mov- 
able member; and 

the step of removing said gap forming member; 
and 

having the step of forming that portion of said 
gap forming member which forms the fulcrum 
portion of said movable member into a curved 
surface shape before the step of forming on 
said substrate and said gap forming member 
the base material layer for the movable mem- 
ber forming said movable member. 

15. A method of manufacturing a liquid discharging 
head according to Claim 14, wherein the step of 
forming that portion of said gap forming member 
which forms the fulcrum portion of said nK)vable 
member into a curved surface shape has: 
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the step of forming resist for patterning said 
gap forming member on said gap forming 
member: and 

the step of removing that portion of said gap 
forming member which Is not covered with said s 
resist by etching. 

16. A method of manufacturing a liquid discharging 
head according to Claim 15. wherein the closely 
contacting property between said gap forming io 
member and said resist is made weaker than the 
closely contacting property between said gap form- 
ing member and said substrate. 

17. A method of manufacturing a liquid discharging is 
head according to Claim 15, wherein as the mate- 
rial of said resist, use is made of a material in which 
the selection ratio of the etching to said gap forming 
member is about 1:1. 

20 

18. A method of manufacturing a liquid discharging 
head according to Claim 14, having the step of 
removing a corner portion formed on the boundary 
between the surface of said gap forming member 
and that portion forming the fulcrum portion of said 25 
movable member after the step of forming that por- 
tion of said gap forming member which forms the 
fulcrum portion of said movable member Into a 
curved surface shape. 

30 

19. A method of manufacturing a liquid discharging 
head according to Claim 18, wherein the step of 
removing a corner portion formed on the boundary 
between the surface of said gap forming member 
and the portion forming the fulcrum portion of said 35 
movable member comprises the step of carrying 
out heat treatment for fusing the corner portion of 
said gap forming member 




996 A2 24 

23. A head cartridge having a liquid discharging head 
according to any one of Claims 1 to 13, and a liquid 
container for holding the liquid to be supplied to 
said liquid discharging head. 

24. A liquid discharging apparatus having a liquid dis- 
charging head according to any one of Claims 1 to 
13, and driving signal supplying means for supply- 
ing a driving signal for discharging the liquid from 
said liquid discharging head. 

25. A liquid discharging apparatus having a liquid dis- 
charging head according to any one of Claims 1 to 
13, and recording medium conveying means for 
conveying a recording medium receiving the liquid 
discharged from said liquid discharging head. 

26. A liquid discharging apparatus according to Claim 
24 or 25. wherein Ink Is discharged from said liquid 
discharging head, and said ink Is caused to adhere 
to a recording medium to thereby effect recording. 



20. A method of manufacturing a liquid discharging 40 
head according to Claim 14, wherein as the mate- 
rial of said gap forming member, use Is made of 
highly heat-resisting resist having a feature that 
when exposure and developing process are carried 
out, a convex curved surface-like slope Is formed on 4s 
the end portion. 

21. A method of manufacturing a liquid discharging 
head according to Claim 14, wherein as the mate- 
rial of said movable menrtber, use Is made of silicon so 
nitride, silicon oxide or silicon carbide. 



22. A method of manufacturing a liquid discharging 
head according to Claim 14. having the step of 
forming a closely contacting layer on said substrate ss 
before the step of forming the gap forming member 
for forming said gap on said substrate. 
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